Traditional national income accounting methods does not make an allowance for the environmental damages incurred while producing the current output. Agriculture is no longer considered to be an environmentally friendly activity. In Bangladesh, efforts to feed an ever-increasing population have meant unsustainable farming practices and a steady depletion of the resource base. The quality of the environment has been degraded and ability of the future generations compromised. This calls for "greening" of GDP by deducting negative changes in environmental quality in national income calculation. This paper begins by developing an environmental account for Bangladesh's agricultural sector. This is done by collecting physical data on depletion and degradation of environmental resources and then estimating their costs by appropriate valuation techniques. The environmentally adjusted agricultural sector is then integrated with a Social Accounting Matrix. Finally, sectoral products for agriculture and forestry are estimated net of environmental cost.
Introduction
The effect of the "green revolution" in Bangladesh has been mixed. Introduction of high yielding varieties (HYV) of rice and associated technology is credited with feeding an ever-expanding population of Bangladesh. The environmental damages done in the process has been formidable, and will probably carry in to the future. Alauddin and Tisdell (1989) noted a 50 to 200 per cent higher return on capital compared to labor encouraged an inappropriate choice of inputs like chemical fertilizers and modern irrigation methods over Bangladesh's much abundant labor. Higher doses of chemical fertilizers are responsible for creating conditions where the natural nutrients of the soil are fast depleting.
Very recently Goldar et al. (2011) used the input-output (I-O) methodology on 2003-04 data in order to take into account both direct and indirect emissions from the foreign trade sector of India. Certain categories of traditional export items such as cotton textiles were found to be far more damaging to the environment in this I-O framework than what their direct emission coefficient would suggest. Their recommendation to policymakers was to emphasize or de-emphasize the export of certain categories of exports in line with national environmental goals.
Our research presented in this paper forms one of the early attempts to integrating environmental accounts into national accounts. We used the economic I-O matrix to develop a social accounting matrix (SAM) for the Bangladesh economy. We then extended the analysis in the satellite account to determine the depletion and degradation impact on Gross Domestic Product (GDP). Being an early attempt, this research is confined only to the study for agriculture and forestry sector (contributed about 16.03% of the total GDP in 2008-09) to illustrate that a sustainable income growth would mean a choice between sectors. If a sector has a higher degradation and depletion effect compared to other sector, then income growth using this particular sector may not be the right choice of an economy. Unlike Goldar et al. (2011) study that considered only foreign trade sector of India, our study concentrates only on two of the environmentally sensitive sectors within the domestic economy of Bangladesh.
The research is conducted in three stages: (i) to start from a suitable I-O table for the Bangladesh economy, (ii) to extend the I-O table into a Social Accounting Matrix (SAM), and finally (iii) to determine the depletion and degradation impact from agriculture and forestry activities on GDP. The SAM is a matrix presentation of the System of National Accounts (SNA) elaborating the linkages between the supply and use table, commonly known as the input-output (I-O table) and institutional sector accounts.
An adjustment to GDP from environmental damage is done by deducting environmental costs caused by economic activities including environmental degradation cost and ecological damage cost. The resultant product is an Environmentally Adjusted Domestic Product (EDP), known popularly also as "green GDP". The idea of green GDP has gained in popularity ever since the Rio Earth Summit in 1992. It is a measure of how a country is prepared for sustainable economic development. It should be noted here that the estimates presented in this research is not quantitatively at par with the green GDP accounting rules as we only include agriculture and forestry sectors for illustrative purposes. Nevertheless one can appreciate the enormity of the issues involved and a clearly defined methodology presented here to tackle a complex problem that need to be resolved.
Framework for National and Input-Output Accounts

System of National Accounts
In its efforts to increase comparability of economic statistics, the United Nations (1953) first published the System of National Accounts (SNA) in 1953. Initially, the SNA was comprised of six standard accounts, based on an underlying structure of production, appropriation, capital reconciliation, external transactions, and government. By now, the SNA describes a coherent, consistent and integrated set of macroeconomic accounts in the context of a set of internationally agreed concepts, definitions, classifications and accounting rules. In addition, the SNA provides an overview of economic processes, recording how production is distributed among consumers, businesses, government and foreign nations. In 1993, in response to United Nations (UN) Rio Summit, the SNA included system for integrated environmental and Economic Accounting (SEEA) to deal with the environmental issues (United Nations, 1993) . In subsequent publication (United Nations, 2003) the UN conceded that methodological problems about green GDP remained unresolved and questioned even usefulness of such measure. At present the SEEA remains a satellite system, not integrated into SNA. Besides information about economic activities, the SNA now shows the levels of an economy's productive assets and the wealth of its inhabitants at particular points in time.
At a country level, China was the first country to publish its green GDP data for the year 2004 year , in 2006 year (SEPA 2006 . It showed that the financial loss caused by pollution was 511.8 billion yuan ($66.3 billion), or 3.05 percent of the nation's economy. It was considered a very promising development in the adoption of green GDP that proposes to discount GDP for the environmental costs lost to growing that GDP (He, 2009; Li & Lang, 2010) . In the face of mounting evidence that environmental damage and resource depletion was far more costly than anticipated, the Chinese government subsequently withdrew its support for the green GDP methodology and suppressed the 2005 report that was due to be released in 2007. Instead, the government plans to release green GDP data from 2015 in its bid to bring environmental concerns into mainstream growth accounting.
Input-Output (I-O) Accounts
An input-output model reflects the precise quantitative sectoral relations in an economy. Originally developed by Wassily Leontief (1936) to depict inter-industry relations of an economy, the input-output table has become an indispensable tool in any quantitative exercise. It shows how the output of one industry is an input to each other industry. It also provides a detailed analysis of the process of production and the use of goods and services (products) and the income generated from the production process. Transactions of goods and services are broken down by intermediate and final use. A complete I-O table also shows the cost structure of production activities: intermediate inputs, compensation to labour and capital, taxes on production. Later, Leontief modified the input-output model to study environmental issues relating to pollution (Leontief, 1970) (Note 1).
An I-O table is normally displayed in the form of a matrix. A given input is typically enumerated in the column of an industry and its outputs are enumerated in its corresponding row. This format, therefore, shows how dependent each industry is on all others in the economy both as customer of their outputs and as supplier of their inputs. Each column of the input-output matrix reports the monetary value of an industry's inputs and each row represents the value of an industry's outputs. The base year used for the I-O Table 2 is 1998-99, the latest period in which complete national accounts data was available from Bangladesh Bureau of Statistics. The 17x17 use matrix reported forms the core of the I-O table. The I-O coefficients have been used to split out the production value of the various commodities as found in the national statistics. The sectoral GDP column describes the value of outputs by sectors. The total sum of the cells in the column matrix equals the total domestic production of the Bangladesh economy.
The I-O table shows only the relationship between production accounts. Thus, an entry in a cell a ij tells the proportion of sector i's output used in the production of a sector j. The use matrix also contains a large number of cells with zero entries. This is because many activities take inputs only from some sectors and not from all sectors. Agriculture and forestry, for example, cannot be expected to use hotels and restaurants as an intermediary input. The crop sector has been aggregated over 15 major crops (paddy, wheat, sugarcane, etc.), while livestock, forestry and fishing (including shrimp farming) has been kept separate (refer to Appendix 1).
Social Accounting Matrix (SAM)
A SAM is an expanded version of an I-O table that is designed to capture specific details of various economic flows in a matrix format. Traditionally applied to analyze causes and consequences of various aspects of inequality among household groups, an extended SAM is currently used as a conceptual and modular framework for policy and planning purposes. A detailed SAM integrates the four existing economic frameworks in the country: (i) System of National Accounts, (ii) Balance of Payments, (iii) Flow-of-Funds, and (iv) Input-Output Table. The SAM, therefore, provides a comprehensive quantified description of the macro-economic and financial interrelationships in the country. A more detailed discussion on the construction and uses of SAM can be found in Pyatt and Round (1985) . For our purposes, SAM can provide useful information about intersectoral linkages, including the one's that exist between agriculture and environment, the focus of this research. Table 3 shows the SAM matrix for Bangladesh for the year 1998-99. The SAM is based on the 1998-99 I-O Table as  reported in Table 2 .
For compactness, we have aggregated 79 sectors from BIDS (1998) 1993-94 I-O table to form a 17x17 SAM. The 79 sectors were originally chosen in BIDS (1998) project on the basis of the importance of the sectors and commodities (paddy, jute, livestock, forestry, RMG, etc.) to reflect, as best as possible, the structure of the Bangladesh economy. 18 agricultural products have been aggregated as "crop" sector while 38 industrial outputs have been aggregated as "manufacturing" sector. Other aggregations done are shown in Appendix 1 (Note 3).
Like the I-O Table 2 , The SAM, as calculated here, incorporates only the production side, (the input-output table), while the distribution and transfers among various institutions (households, enterprises and government) are ignored. Flexibility of SAM allows division of the sectors into different sub-sectors and in taking account of the transactions among them (i.e. among different sectors and within the sub-sectors). The primary sector, for example, has been disaggregated into crop, livestock, forest, fishing and mining, and the table could be used to trace the environmental effect of a specific production shift among various sub-sectors.
Let us take a closer look at Table 3 to see its correspondence with I-O table (Table 2) . Rows in table 3 represent production sector outputs, which are used as intermediate inputs for other sectors. Columns in Table 3 represent intermediate consumers (production sectors which use an output of production sectors as intermediate inputs). Looking along a particular column of Table 3 , one can see how inputs are used for production in a certain sector. Take for example row 2, livestock. We can see, from column 1, that the crop sector has consumed a livestock output in the value of 16,144, while the third column shows that the forest sector as an insignificant consumer of livestock. Finally, there is a relationship between an I-O table and Gross Domestic Product (GDP). Sectoral GDP can be calculated as sum of the columns corresponding to a sector. This is reported in the last column of Table 3 . By summing up the entries in this column, we can obtain the GDP figures. GDP is defined as the value of final goods and services produced in a given year. Hence, alternatively, we can extract information on GDP from an I-O table by eliminating intermediate production -goods that are used up to produce other goods.
Discussion of Results
For Bangladesh, SAM has been developed using the input-output (I-O) table (Table 2) for the economy and this is shown in Table 3 . Based on these I-O and SAM tables and by incorporating in them the information on forestry acreage, deforestation rate, cultivable land under rice cultivation, we calculated the depletion and degradation impact on the national economy.
Using the SAM matrix, Table 4 then shows the division of agricultural output for use as intermediate goods and as final demand. A negative entry in this table would mean this sector has a net import.
Forestry and agricultural activities generate methane and ammonia emission -both are greenhouse gases. In addition, water and land emissions from agriculture include run-off pesticides and soil nutrients. Due to lack of information on valuation, we did not include these in our environmentally adjusted GDP calculations. However, agricultural and forestry activities also causes soil erosion and loss of opportunities for the communities to use forest products. These two impacts are estimated during period 1998-99 using secondary information and reported in Table 5 .
Finally, based on the above, we have estimated the gross and net (of environmental cost) sectoral product for agriculture and forestry. These are presented in Figure 1 and Figure 2 . Figure 1 shows that due to erosion, agricultural sector lost a sizeable output. This is nearly 2 percent of the sectoral product (see Table 5 ). Figure 2 then shows the product of the forestry sector and the adjusted product. It is evident that deforestation (a type of depletion) has reduced the forestry sector output by nearly 50 percent. The losses are calculated in terms of depletion of forest product and soil erosion due to deforestation. The last diagram, Figure 3 , shows the percent loss in GDP if we adjust it for degradation and depletion.
Concluding Observations
From the results obtained in this research, it is clear that had there been a choice, utilization of renewable resources without causing depletion is a better choice. Estimates of rather large deforestation impact in this research suggest that attempts to raise GDP using forestry sector is not environmentally sustainable.
The presentation above has shown that to make an optimum decision for the society, traditional gross domestic product (GDP) does not provide a long-term perspective. Consideration of net losses of natural resources and environmental assets would imply Bangladesh's GDP need to be reduced significantly, especially if manufacturing and service sectors are considered. The current research was restricted to a narrow set of damages from agricultural and forestry sectors and it is only logical to extend the analysis to all sectors. This suggests that it is the (environmentally adjusted) ecological domestic product (EDP) that needs to be used to ensure a sustainable development. 
